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O objetivo neste estudo foi avaliar a influência da espessura, cor e translucidez 
da cerâmica IPS e.max Press na irradiância transmitida através da cerâmica e na 
dureza Knoop do cimento resinoso Variolink Esthetic LC fotoativado com ou sem 
interposição da cerâmica em diferentes profundidades. Quarenta e cinco discos da 
cerâmica IPS e.max Press (Ivoclar-Vivadent) para cada espessura (0,5 mm; 1,5 mm 
e 2,0 mm) foram obtidos de acordo com as recomendações do fabricante. Em seguida 
foram separados em 3 grupos (n=15) de acordo com a translucidez: HT (alta 
translucidez), LT (baixa translucidez) e MO (média opacidade). Uma subdivisão foi 
realizada nos grupos (n=5), de acordo com as cores: BL2, A1 e A3,5. Um lado do 
disco cerâmico foi submetido ao acabamento, polimento e aplicação de glaze 
simulando situação clínica. A densidade de energia (irradiânica - mW/cm²) fornecida 
pelo aparelho de fotoativação LED Valo (Ultradent) foi avaliada com o potenciômetro 
Ophir 10ª-V2-SH (Ophir Optronics). A irradiância foi avaliada no modo sem 
interposição (grupo controle) ou pela interposição da cerâmica. O grau de conversão 
do cimento resinoso Variolink Esthetic LC (Ivoclar-Vivadent) foi avaliado por meio do 
teste de microdureza Knoop após 24 horas nas profundidades 100 μm (topo) e 700 
μm (base) com cinco penetrações em cada uma, obtendo a média da amostra-
profundidade. Os dados foram submetidos à Análise de Variância e ao teste de Tukey 
(α=0,05). Os resultados mostraram que os valores de irradiância foram 
significantemente influenciados pela espessura (p<0,0001), cor (p<0,0001) e 
translucidez (p<0,0001). Os valores médios de dureza Knoop mostraram significante 
influência na espessura (p<0.0001), cor (p<0.0001), translucidez (p<0.0001) e 
profundidade (p<0.0001). A cerâmica com diferentes espessuras, cores e translucidez 
promoveu significante efeito na irradiância. A interposição da cerâmica e o aumento 
da espessura diminuiu significantemente a dureza Knoop do cimento resinoso. A 
profundidade do cimento resinoso reduziu significativamente os valores de dureza 
Knoop para todas as espessuras, cores e translucidez da cerâmica. O aumento da 
opacidade da cerâmica reduziu os valores da dureza Knoop do cimento resinoso para 
todas as espessuras, cores e profundidade. 
 





The aim of this study was to evaluate the influence of the thicknesses, shade 
and translucency of the IPS e.max Press ceramic in the transmitted irradiance directly 
or through the ceramic using potentiometer, and Knoop hardness of light-cured resin 
cement (Variolink Esthetic LC) through or without ceramic restoration at different 
depths. Forty-five ceramic discs of IPS e.max Press (Ivoclar-Vivadent) for each 
thickness (0.5 mm, 1.5 mm and 2.0 mm) were obtained in accordance with the 
manufacturer’s instructions. Then, they were randomly assigned into 3 groups, 
according to translucency (n=15): HT (high translucency), LT (low translucency) and 
MO (medium opacity). A new random distribution was performed into 3 sub-groups, 
according to shades (n=5): BL2, A1 and A3,5. One side of the ceramic disc surface 
was finished, polished and glazed simulating a clinical situation. The power density 
(irradiance - mW/cm²) of the blue LED Valo (Ultradent) light curing unit was evaluated 
with potentiometer Ophir 10ª-V2-SH (Ophir Optronics) device. The irradiance was 
evaluated without (control group) or by interposition of ceramic samples. The degree 
of conversion of the Variolink Esthetic LC (Ivoclar-Vivadent) resin cement was 
evaluated with the Knoop microhardness test after 24 h at two depths 100 μm (top) 
and 700 μm (bottom) with five indentations each, obtaining an average for 
sample/depth. Data were submitted to ANOVA followed by Tukey’s test (α=0.05). The 
mean values of irradiance were significantly influenced by the thickness (p<0.0001), 
shade (p<0.001), and translucency (p<0.0001). The mean values of Knoop hardness 
showed significant influence of the thickness (p<0.0001), shade (p<0.001), 
translucence (p<0.0001), and depth (p<0.0001). The ceramic material with different 
thicknesses, shades and translucencies showed a significant effect on light irradiance. 
The interposition of ceramic and increased thickness reduced significantly the Knoop 
hardness of resin cement. Resin cement depth significantly reduced Knoop hardness 
for thickness, shade and translucency of the ceramic. The increased ceramic opacity 
reduced Knoop hardness values of the resin cement for thickness, shade and depth.  
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Nos últimos anos as cerâmicas odontológicas vêm sendo utilizadas pelos 
cirurgiões dentistas, pois se destaca como material restaurador estético pela capacidade 
de reproduzir com fidelidade os elementos dentais faltantes, além das propriedades 
mecânicas adequadas. Esse material restaurador vem evoluindo com os anos e as 
indicações têm aumentado em função das características, como: biocompatibilidade, 
estabilidade de cor, alta capacidade de mimetização funcional e estética dos tecidos 
dentais, durabilidade química, alta resistência mecânica, baixa condutibilidade térmica e 
radiopacidade (Höland et al., 2000; Anusavice 2012; Prevedello et al., 2012; Pieger et 
al., 2014; Toman & Toksavul 2015).  
Dentre os materiais disponíveis no mercado que atendem esses requisitos, 
destacam-se a cerâmica prensada IPS e.max Press e o IPS e.max CAD (Ivoclar 
Vivadent, Schaan, Liechtenstein), com alto conteúdo cristalino de dissilicato de lítio e 
pequena quantidade de cristais de ortofosfato de lítio. O sistema IPS e.max Press é 
prensado empregando calor por meio da técnica convencional da cera perdida, enquanto 
o IPS e.max CAD utiliza o sistema CAD/CAM (computer-aided Desingned/Computer-
Assisted Manifactured). Os sistemas à base de dissilicato de lítio são compostos por 
sílica, dióxido de lítio, óxido de potássio de alumina e pentóxido de fósforo (McLaren et 
al., 2015; Gracis et al., 2015), sendo classificados como cerâmicas vítreas, por 
apresentar matriz vítrea composta por 60% a 65% de conteúdo cristalino. A principal 
fase cristalina é caracterizada pela presença de cristais alongados, constituindo uma 
estrutura semelhante à pequenas agulhas entrelaçadas e orientadas aleatoriamente (Ilie 
& Hickel 2008). Esses sistemas são indicados para confecção de laminados cerâmicos, 
coroa total anterior e posterior, prótese fixa de três elementos até os segundos pré-
molares e pilares para implantes devido às propriedades mecânicas, como alta 
resistência à flexão de 350 MPa (Gracis et al., 2015).  
Para se obter boa resistência mecânica e longevidade neste sistema 
restaurador, o procedimento adequado de cimentação entre a cerâmica odontológica e 
a estrutura dental é um fator importante e depende diretamente do tipo da cerâmica, uma 
vez que o procedimento de cimentação pode ser feito pela técnica convencional 
(utilizando cimentos à base de fosfato ou cimento de ionômero de vidro) ou adesiva 
(cimentos resinosos). Alguns tratamentos de superfície como o jateamento com 
partículas de óxido de alumínio, o condicionamento com ácido hidrofluorídrico nas 
concentrações entre 5% a 10% e o uso de um agente silano (Borges et al., 2003; Uludag 
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et al., 2014; McLaren et al., 2015, Sundfeld et al., 2015; Puppin-Rontani et al., 2017) têm 
sido empregados na superfície interna da cerâmica odontológica com o objetivo de 
promover aumento da união entre cerâmica e material de cimentação. O ácido 
hidrofluorídrico em concentrações e tempos adequados são responsáveis por modificar 
a topografia da superfície cerâmica, removendo parte da matriz vítrea expondo cristais 
alongados, aleatoriamente orientados, e a segunda fase cristalina formando 
irregularidades no interior dos cristais de dissilicato de lítio, promovendo melhor 
imbricação mecânica (Borges et al., 2003; Ilie & Hickel 2008). Recentemente, 
concentrações menores de ácido hidrofluorídrico e/ou associação com aquecimento do 
silano na superfície de cerâmicas à base de disilicato de lítio se mostraram eficientes em 
condicionar e aumentar a resistência da união (Sundfeld et al., 2015; Sundfeld et al., 
2016; Puppin-Rontani et al., 2017) interna da cerâmica para que apresente a mesma 
efetividade mostrada na superfície dental. 
Para fixação das restaurações cerâmicas, o uso de cimentos resinosos se fez 
necessário com o intuito promover retenção, selamento marginal e longevidade entre a 
cerâmica e o substrato dental. As principais vantagens dos cimentos resinosos são o 
fator estético, quando utilizados com sistemas metal-free, a capacidade de união à 
estrutura dental e às associações ao silano e sistemas adesivos, proporcionando 
adequada adaptação marginal, com baixa solubilidade e fácil manuseio (Inokoshi et al., 
1993; Tango et al., 2007). 
O uso do cimento resinoso para cimentação adesiva aumenta a resistência 
mecânica das restaurações cerâmicas livres de metal, em função do preenchimento das 
falhas e irregularidades, possibilitando que ocorra distribuição adequada de tensões da 
restauração para a estrutura dental. Com o intuito de obter melhores propriedades físico-
mecânicas e desempenho clínico é de fundamental importância que ocorra 
polimerização adequada do cimento resinoso (Hofmann et al., 2001; Castro et al., 2012; 
Öztürk et al., 2013). Caso contrário, pode ocorrer redução nas propriedades mecânicas 
e na estabilidade dimensional promovendo alteração da cor e redução na 
biocompatibilidade no pós-operatório (Giráldez et al., 2011; Kilinc et al., 2011). 
Tradicionalmente os cimentos resinosos apresentam ativação química (por meio 
da mistura entre base e catalisador), física ou dupla-ativação dos quais necessitam ser 
expostos a um espectro de luz visível compatível com o espectro de absorção dos 
iniciadores para que seja desencadeado o processo de conversão dos monômeros em 
polímeros. (Pegoraro et al., 2007, Runnacles et al., 2014). Os cimentos quimicamente 
ativados são usados para cimentação de restaurações metálicas (El-Mowafy et al., 
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1999), enquanto os de dupla-ativação e os de ativação física são indicados para 
cimentação de restaurações cerâmicas livres de metal, inlays e onlays (El-Mowafy et al., 
1999).  
O uso de cimentos resinosos ativados por luz baseia-se no princípio que a luz 
pode facilmente passar através das restaurações cerâmicas, devido à translucidez e a 
espessura reduzida. A translucidez dos materiais cerâmicos é influenciada por diversos 
fatores como diferentes cores, saturação da cor, estrutura cristalina da cerâmica, número 
de ciclos de queima, tamanho das partículas cristalinas, pigmentos utilizados (El-Meliegy 
et al., 2003; Runnacles et al., 2014) e a espessura podem atenuar e influenciar a 
transmissão de luz, interferindo negativamente na qualidade da polimerização do 
cimento resinoso (Peixoto et al., 2007; Lee et al., 2008; Lohbauer et al., 2010; Kilinc et 
al., 2011).  
O aumento da opacidade da cerâmica ocorre quando maior conteúdo cristalino 
é adicionado com o objetivo de obter maior resistência mecânica (Bagis & Turgut 2013). 
Os pigmentos adicionados nas cerâmicas absorvem luz, promovendo redução na 
quantidade de energia que chega até o cimento resinoso, principalmente quando as 
cerâmicas com maior espessura e tonalidade mais escura são usadas (Peixoto et al., 
2007; Dias et al., 2008; Pazin et al., 2008; Passos et al., 2014). A dispersão ou absorção 
da luz aumenta na mesma proporção que aumenta a espessura do material restaurador 
cerâmico, consequentemente reduzindo a quantidade de energia que vai atingir o 
cimento resinoso (Kilinc et al., 2011). A dose de energia específica ou a exposição 
radiante necessária para que o cimento resinoso fotoativado se polimerize é dependente 
da composição e da fonte de luz utilizada, podendo variar amplamente (6 - 48J/cm²) 
(Price, Ferracane & Shortall, 2015). Além disso, a irradiância pode ser afetada pelo 
diâmetro da ponteira de emissão de luz e a distância do objeto (Price et al., 2014).  
Alguns fatores inerentes ao cimento resinoso podem influenciar diretamente na 
sua polimerização como a composição química e o tamanho das partículas de carga, 
cor, devido aos pigmentos promoverem dispersão e reflexão da luz no cimento resinoso, 
além do tempo de exposição e fonte de luz utilizada para ativação (Musanje & Darvell 
2006; Reges et al., 2009). Todas essas características comprometem a polimerização 
interferindo diretamente na longevidade e sucesso clínico da restauração (Reges et al., 
2008). Segundo Reges et al. (2008), clinicamente polimerização adequada deve ser 
obtida rapidamente para que o cimento resinoso possa suportar as cargas aplicadas 
imediatamente e apresentar adequada biocompatibilidade. 
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O tipo de fotoiniciador desempenha função importante em relação a eficácia de 
polimerização e o sucesso a longo prazo do processo restaurador. Embora a 
canforoquinona ainda seja o fotoiniciador mais utilizado em cimentos resinosos, possui 
baixa reatividade sendo necessário associações com aminas terciarias para 
desencadear sua reação, com isso os materiais que utilizam estes sistemas possuem 
baixa estabilidade de cor a longo prazo (Santine, Gallegos & Felix. 2013). Fotoativadores 
alternativos tem sido escolhido por permitirem maior estabilidade de cor como por 
exemplo o TPO, PPD e Ivocerin. O ivocerin se destaca por ser um fotoiniciador à base 
de germânio altamente reativo mesmo em pequenas quantidades, além disso os 
sistemas que utilizam este fotoiniciador possuem associações com a Tiocarbamida, um 
componente que melhora a estabilidade de cor a longo prazo (Burtscher 2016; Ilie 2017).  
Neste contexto, características como a cor, espessura e translucidez da cerâmica 
associados aos tipos de fonte de luz e modo de ativação podem influenciar na 
polimerização dos cimentos resinosos. Alguns estudos têm avaliado o efeito da 
polimerização direta e indireta dos cimentos resinosos associando dois fatores, 
geralmente cor e espessura ou translucidez e espessura da cerâmica em relação a 
polimerização do cimento resinoso de dupla ativação. Entretanto, há poucos estudos 
que abordem a associação entre as diferentes cores, espessuras e translucidez da 
cerâmica à base de dissilicato de lítio influenciando diretamente na profundidade de 
polimerização de um cimento resinoso contendo o Ivocerin® (Ivoclar Vivadent). Dessa 
forma, o objetivo no presente estudo in vitro foi: 
1 – Avaliar a influência da cor, espessura e translucidez da cerâmica IPS e.max 
Press na transmissão da luz através da cerâmica.  
2 - Avaliar através da dureza Knoop, a profundidade de polimerização do cimento 
resinoso fotoativado diretamente e indiretamente com interposição da cerâmica 
odontológica IPS e.max Press com diferentes cores, espessuras e translucidez. 
As hipóteses nulas testadas foram: 
1- A irradiância transmitida seria similar para as diferentes cores, translucidez e 
espessura da cerâmica. 
2- Os valores de dureza Knoop seriam similares para as diferentes cores, 
profundidade, translucidez e espessura da cerâmica. 
3- Os valores de dureza Knoop seriam similares entre o grupo controle (sem 
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2 ARTIGO: Effect of Ceramic Thickness, Shade and Translucency of Lithium 
Disilicate Ceramic on Irradiance and Knoop Hardness of a Light Curing Luting 
Resin Cement. 
 





The aim of this study was to evaluate the influence of the thicknesses, shade and 
translucency of the IPS e.max Press ceramic in the transmitted irradiance through the 
ceramic using potentiometer, and Knoop hardness of light-cured resin cement (Variolink 
Esthetic LC, Ivoclar-Vivadent) or without ceramic restoration at different depths. Forty-
five ceramic discs of IPS e.max Press (Ivoclar-Vivadent) for each thickness (0.5 mm, 1.5 
mm and 2.0 mm) were obtained in accordance with the manufacturer’s instructions. Then, 
they were randomly assigned into three groups, according to translucency (n=15): HT 
(high translucency), LT (low translucency) and MO (medium opacity). A new random 
distribution was performed into three sub-groups, according to shades (n=5): BL2, A1 
and A3.5. One side of the ceramic disc surface was finished, polished and glazed 
simulating a clinical situation. The power density (irradiance - mW/cm²) of blue LED Valo 
(Ultradent) light curing unit was evaluated with potentiometer Ophir 10ª-V2-SH (Ophir 
Optronics) device. The irradiance was evaluated without (control group) or by 
interposition of ceramic samples. The degree of conversion of the Variolink Esthetic LC 
resin cement was evaluated with the Knoop microhardness test after 24 h at two depths 
100 μm (top) and 700 μm (bottom) with five indentations each, obtaining an average for 
sample/depth. Data were submitted to ANOVA followed by Tukey’s test (α=0.05). The 
mean values of irradiance were significantly influenced by the thickness (p<0.0001), 
shade (p<0.001), and translucency (p<0.0001). The mean values of Knoop hardness 
showed significant influence of the thickness (p<0.0001), shade (p<0.001), translucence 
(p<0.0001), and depth (p<0.0001). The ceramic material with different thicknesses, 
shades, translucencies showed a significant effect on light irradiance. The interposition 
of ceramic and increased thickness reduced significantly the Knoop hardness of resin 
cement. Resin cement depth significantly reduced Knoop hardness for thickness, shade 
and translucency of the ceramic. The increased ceramic opacity reduced the Knoop 
hardness values of the resin cement for all thickness, shade and depth.  
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In the last years, dental ceramic has been used in dentistry to reproduce the lost 
teeth elements, as well as providing quality mechanical properties for the success of 
dental restorations. This wide range of indications it’s due to desirable characteristics, 
such as biocompatibility, color stability, ability to mimic the function and esthetics, 
chemical durability, high mechanical properties, lower thermal conductivity and 
radiopacity.1-5 Among the materials available used in dentistry, IPS e.max Press pressed 
ceramics and IPS e.max CAD (Ivoclar Vivadent, Schaan, Liechtenstein) are an example 
of dental ceramics, which contains lithium disilicate, reinforced by orthophosphate 
crystals wrapped by a vitreous matrix, having excellent clinical performance and 
mechanical properties as evaluated in several  studies.6-9 According to the manufacturer 
of the IPS e.max Press pressed ceramics (Ivoclar Vivadent) several translucency and 
shades ingots are available to clinicians in this system.  
 In order to obtain better mechanical properties and clinical longevity of the ceramic 
restoration, the adequate cementation procedure between dental ceramic and resin 
cement is an important factor and depends on the ceramic type and variables that can 
influence ceramic surface etching.4,10 The lithium disilicate glass ceramic is acid-sensitive 
undergo surface degradation by hydrofluoric acid that changes a topographic pattern 
surface increasing the contact surface area interaction between the ceramic and luting 
agent.4,11 After silane application, usually resin cement are used for luting glass ceramic. 
These cements are available in chemical, photo or dual activation.12 Adequate light 
energy reaching the resin cement is necessary to ensure optimal polymerization required 
to obtain high bond strength.13 
On the other hand, with inadequate polymerization of the resinous cement occurs 
poor mechanical properties, furthermore, solubility and color stability will be not 
obtained.14,15 Many studies have shown that the light attenuation effect promoted by 
ceramic may compromise the photo-activation of the resin cement.13,16,17 The 
characteristics of the ceramic restorative material such as translucency, thickness, shade 
and crystalline structure are factors that will determine the degree of this attenuation.16-23 
The attenuation may interfere and affect the light transmittance and, consequently, 




During cementation procedures, enough resin cement polymerization is an 
important factor to promote adequate bond strength in the ceramic- resin cement- dentine 
complex. Ceramics with different shade, translucency, thickness might affect the 
polymerization of resin cement, and interfere with clinical performance of restorations. 
Therefore, it is important to choose adequate material and technique to optimize physical 
properties, clinical performance and longevity. However, little is known about the 
influence of shades, thicknesses and translucency on the characteristics of the light 
transmitted through lithium disilicate ceramic (heat pressed) and Knoop hardness of a 
resin cement formulated with Ivocerin® (Ivoclar Vivadent) a novel germanium based 
fotoiniciator associated with thiocarbamide that allows better long term color stability. 
The aim of this study was to evaluate 1) the influence of the shades, translucencies 
and thicknesses of the ceramic IPS e.max Press in the transmitted irradiance through the 
ceramic, and 2) Knoop hardness of resin cement (Variolink Esthetic LC) light-cured 
through or without ceramic restoration with different shade, translucency and thickness 
at different depths.  
The hypotheses tested were: 1) The transmitted irradiance would be similar for 
different shades, translucencies and thicknesses of the ceramic; 2) Knoop hardness of 
resin cement would be similar for different shades, translucencies, thicknesses and 
depths of the ceramic; and, 3) Knoop hardness of resin cement would be similar between 
control group (without ceramic interposition) and trough ceramics. 
 
 
MATERIALS AND METHODS  
 
Preparation of samples 
 Forty-five ceramic discs of IPS e.max Press (Ivoclar Vivadent, Schaan, 
Liechtenstein) with 12 mm in diameter for each thickness (0.5 mm, 1.5 mm, and 2.0 mm) 
were fabricated in accordance to manufacturer’s instructions. Acrylic resin cylinders 
(Duralay, Reliance Dental MFG Company, Illinois, USA) with 12 mm in diameter were 
traditionally made and following cut in discs in the thickness of 0.7, 1.7 and 2.2 mm using 
a 0.3 mm-diamond saw (Buehler, Lake Bluff, IL, USA) coupled to IsoMet precision 
machine (Buehler, Lake Bluff, IL, USA). After, they were sprued in silicone cylinders, 
attached to a flask base, invested with phosphate-based material (IPS PressVest Speed, 
Ivoclar Vivadent) and eliminated in an automatic furnace (Vulcan A- 550, Degussa-Ney, 
Yucaipa, CA, USA) at temperature of 850oC for 60 min using the lost wax technique. The 
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IPS e.max Press ceramic ingots were pressed into the investment molds in an automatic 
press furnace (EP 600, Ivoclar Vivadent).  
 One side of the ceramic disc was submitted to finishing with stone and rubber 
(DT01, DT08 diamond stone – Diaturbo, Ribeirão Preto, Brazil) to simulate the process 
that the dental technician performs on the indirect ceramic restoration. The other side of 
the disc was not submitted to polishing. All samples were ultrasonically cleaned in 
deionized water (Ultrasonic Cleaner 1440 D) for 10 min, dried with compressed air.  
The final disc thicknesses (0.5; 1.5 and 2.0 mm) were confirmed with a digital caliper 
(Mitutoyo Corporation, Tokyo, Japan), with accuracy of 0.01 mm. Two layers of a glaze 
paste (IPS e.max Ceram Glaze, Ivoclar Vivadent) were applied to the polished ceramic 
surface with unique movements and single direction. Each glaze layer was burning into 
sintering furnace (P710 Programat; Ivoclar-Vivadent) for 15 min.  
 After ultrasonic cleaned for 10 min, the discs were divided into 3 groups (n=15), 
according to transluncency: HT (high translucency), LT (low translucency) and MO 
(medium opacity). A new random distribution was performed into 3 subgroups (n=5), 
according to shades: BL2, A1 and A3.5 (Figure 1)  
 
Figure 1. Organization chart of the study groups. 
 
 
Light Irradiance Analysis (mW/cm²)   
The irradiance through the ceramic samples was evaluated using a Light-emitting 
diode (LED) device (Valo Cordless, standard mode; Ultradent Inc, South Jordan, UT, 
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USA). The LED device was supported by an apparatus to allow positioning the light guide 
tip perpendicular to material surface. The potency of LED device (mW) was assessed 
with a potentiometer (Ophir 10ª-V2-SH; A (Ophir Optronics, Har- Hotzvim, Jerusalem, 
Israel) coupled to microprocessor (NOVA; Ophir Optronics), under controlled conditions 
of humidity (50 ± 10%) and temperature (23 ± 2°C). A black teflon matrix was used to 
limit the area of the potentiometer sensor to a distance of 12 mm from the ceramic 
samples. Three readings were made after 60 s for each sample with the light guide tip 
directly onto the ceramic glazed surface of the ceramic discs. For control group, five 
readings were performed without the interposition of ceramic; however, following the 
same procedure aforementioned described. The irradiance level (mW/cm2) was 
determined by dividing potency (mW) by the area of the output light guide for the LED 
device (cm2).  
Exploratory data analysis indicated that the different light passing were multiplied 
by the potency two to attend the presupposition of a parametric analysis. After this 
transformation, ANOVA was applied in factorial scheme 3 x 3 x 3 + 1 (translucence x 
shade x thickness + control). Appropriate post-hoc pair wise comparisons of means were 
tested using Tukey’s test (SAS Institute Inc., Cary, NC, USA, version 9.3). All statistical 
tests were performed at pre-set alpha of 0.05. 
 
Knoop Microhardness test 
Variolink Esthetic LC (Ivoclar-Vivadent) resin cement was dispensed directly into 
the elastomeric mold (Express putty; 3M ESPE, St. Paul, MN, USA) with 5 mm in 
diameter and 1 mm thickness. A transparent polyester strip (± 25-µm thick) was placed 
on the filled mold, on it was placed a microscope slide, and a manual pressure was 
applied for 15 s to adapt the resin cement to the mold and to remove the material excess. 
After, the microscope slide was removed, and a ceramic disc was placed on the polyester 
strip. The underlying resin cement was exposed to light curing unit through the ceramic 
for 40 s using a blue LED photocuring light (Valo Cordless; Ultradent) with an irradiance 
of 834.22 mW/cm2. During light activation, the light guide end was placed in contact with 
the glaze ceramic surface. For the control group, the light guide end was in contact with 
the polyester strip. All the procedures were performed in room under conditions of 
humidity (50 ± 10%) and temperature (23 ± 2°C) controlled filtered red-light in order to 
prevent the photoinitiator sensitization. After light-curing, the resin cement samples were 
dray stored in the dark at 37°C for 24 h. Five samples were fabricated for each ceramic 
shade and translucency. 
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For the resin cement KHN measurements, and to obtain a flat and polished 
surface, the resin cement was vertically attached to an acrylic resin plate (Buhler, Lake 
Bluff, IL, USA), fixed with wax sticky, transversely wet-cut using a saw, and polished using 
silicon-carbide abrasive papers 320-, 400-, 600- and 1200-grit (Norton; São Paulo, SP, 
Brazil) in a water-cooled automatic polisher (APL4; Arotec, Cotia, SP, Brazil).  
Knoop microhardness test measurements were performed using a 
microhardness tester (HMV-2; Shimadzu, Tokyo, Japan) under a load of 50 g applied for 
15 s. Five indentations were made in the cross-sectional area at depths of 100 and 700 
µm from the top surface (Figure 2). The average value of the five readings was recorded 
as the Knoop hardness for that specific sample at the given depth. Microhardness 
measurements of the resin cement top surface layer was not tested, because it is known 
to show a lower polymerization level due to oxygen inhibition, and lower hardness values 
(Regis et al. 2008). 
Knoop hardness data after the exploratory analysis were submitted to analysis 
of variance (ANOVA) in split plot design, with the parcels represented by the factorial 3 x 
3 x 3 (translucence x shade x thickness) and the sub-parcels by the layer (top and 
bottom), with two additional control treatments. Appropriate post-hoc pair wise 
comparisons were made using Tukey’s test (SAS Institute Inc., Cary, NC, USA, version 
9.3). All statistical tests were performed at pre-set alpha of 0.05. 
 
Figure 2. 1- Samples vertically placed in acrylic resin matrix and fixed with wax stick; 2, 3 -







Transmitted Irradiance (mW/cm²)  
  The mean values of transmitted irradiance are set out in Table 2. Significant 
influences of translucence (p<0.0001), shade (p<0.001), and thickness (p<0.0001) were 
detected. The double interaction between translucence vs shade (p<0.0001), 
translucence vs thickness (p<0.0001), and shade vs thickness (p=0.0018) show 
significant values. The triple interaction translucence vs shade vs thickness was 
significant (p=0.0052). 
When ceramic translucence was compared, the irradiance of HT was significantly 
greater than MO for all shades and thickness. HT showed higher irradiance values than 
LT for shade A1 in all thickness, and for shades A3.5 at thickness 2.0 mm (p<0.05). No 
significant difference in irradiance was observed between ceramic translucence for LT 
and MO (p>0.05), except shade A3.5 and A1 for thickness 1.5 mm, and for all shades 
and thickness 0.5 mm (p< 0.05).  
When shades were compared for translucence HT, shades A3.5 and A1 was 
significant higher in relation to BL2 for thickness 0.5 mm (p<0.05), and A1 was significant 
higher than BL2 for thicknesses 1.5 mm and 2.0 mm (p<0.05). No difference was found 
between A1 and A3.5 for thicknesses 1.5 mm and 2.0 mm. For translucence LT, shade 
A3.5 and thickness 0.5 mm was significant higher than shades A1 and BL2 (p<0.05). No 
significant difference in irradiance was found among shades for thicknesses 1.5 mm and 
2.0 mm (p>0.05). No difference was observed for translucence for MO for all shades and 
thicknesses 0.5 mm and 1.5 mm. Shade BL2 for thickness 2.0 mm showed lower 
irradiance compared the two other shades, but no significant difference was found 
between shades A3.5 and A1. (p>0.05). 
Control group demonstrated higher irradiance statistically significant in relation to 
all ceramic shades, translucence and thickness (p<0.05).  For all shades, HT and MO 
translucence, there was significant reduction in irradiance for thicknesses 1.5 mm and 
2.0 mm when compared to 0.5 thickness (p<0.05). No significant difference was found 
between thicknesses 1.5 mm and 2.0 mm (p>0.05). When LT translucence was analyzed, 
the irradiance for thickness 0.5 mm was significantly greater than thickness 2.0 for all 
shades (p<0.05). For thickness 1.5 mm, shades A3.5 and A1 were significant higher than 





Table 1. Mean (standard deviation) for transmitted irradiance (mW/cm2) as a function of ceramic 
thicknesses, shade and translucency. 
 
Thickness Shade Translucency 
  HT LT MO 
 
0,5 
A3.5 *&$635.15 (13.22) Aa *&$610.87 (8.07) Aa *&$512.36 (19.38) Ba 
A1 
     *&$614.88 (8.94) Aa   *&$550.99 (12.26) Bb *&$501.41 (15.84) Ca 
BL2 *&$554.16 (19.06) Ab   *&$527.83 (13.63) Ab *&$474.51 (1.61) Ba 
 
1,5 
A3.5 *468.46 (43.45) Aab *&457.51 (35.81) Aa *391.41 (53.38) Ba 
A1       *503.62 (28.43) Aa        *&436.75(32.27) Ba *356.24 (13.11) Ca 
BL2       *432.91 (12.76) Ab        *402.84 (4.22) ABa *334.72 (7.29) Ba 
 
2,0 
A3.5 *435.79 (31.41) Aab        *356.72 (64.83) Ba *366.33 (33.30) Ba 
A1       *480.18 (15.33) Aa        *335.68 (32.10) Ba *354.42 (6.32) Ba 
BL2       *375.07 (8.26) Ab *334.72 (16.01) ABa *288.81 (7.80) Bb 
Control group: mean (standard deviation): 834.22 (8.78). Means followed by distinct letters (upper-case horizontal 
and lower-case vertical comparing shade in each thickness and translucency) differ from each other (p≤0.05). * It 
differs from the control group (p≤0.05). $ Differs from the thickness 1.5 under the same conditions of translucency 
and shade (p≤0.05). & Differ from the thickness 2.0 under the same conditions of translucency and shade (p≤0.05). 
Note: HT – high translucency; LT – low translucency; and, MO – medium opacity. 
 
 
Knoop hardness test 
The mean values of Knoop hardness are summarized in Table 3. Significant 
influence of translucence (p<0.0001), shade (p<0.001), thickness (p<0.0001), and depth 
(p<0.0001) was detected. The double interaction between translucence vs shade 
(p<0001), translucence vs depth (p=0.0148), and thickness vs depth (p=0.0004) values 
show significant interaction of factors. No significant interaction of factors was found for 
translucence vs thickness (p=0.1858), shade vs thickness (p=0.0950), and shade vs 
depth (p=0.0840). The triple interaction translucence vs shade vs depth (p=0.0497) and 
translucence vs thickness vs depth (p< 0.0001) was significant. Translucence vs shade 
vs thickness, and shade vs thickness vs depth (p<0.0940) did not show significant 
interaction. The quadruple interaction translucence vs shade vs thickness vs depth 
(p=0.2827) was not significant. 
When ceramic opacity/translucence was compared, the mean Knoop hardness for 
HT was significantly higher than LT and MO regardless of shade, thickness and depth 
(p<0.05). When shades were compared for translucence HT, the mean Knoop hardness 
for A3.5 was significant higher in relation to A1 and BL2 (p<0.05) for all thickness and 
depth. For translucence LT, A3.5 and A1 showed Knoop hardness significantly higher 
than BL2 (p<0.05) for all thickness and depth.  With relation to translucence MO, the 
mean Knoop hardness for A3.5 was significantly higher than BL2 (p<0.05) for all 
thickness at top depth. Shade A1 does not differ statistically from the 3.5 and BL2. No 
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significant difference in Knoop hardness was found among shades for all thicknesses at 
bottom layer (p>0.05). 
Control group demonstrated mean Knoop hardness significantly higher in relation 
to all ceramic shades, translucencies and thicknesses (p<0.05), except for translucence 
HT, shade A3.5, thickness 0.5 mm at top depth. Knoop hardness of thickness 0.5 mm 
was statically significant higher than 1.5 mm (p>0.05), regardless of translucence, shade 
and depth. For all shades, translucence and depth showed significant reduction in Knoop 
hardness for thickness 2.0 mm in relation to 0.5 mm and 1.5 mm thicknesses (p<0.05), 
except shade A3.5, thickness 1.5 mm for all translucencies at bottom layer. For all 
ceramic shades, thicknesses and translucencies there was significant reduction in Koop 
hardness at bottom layer compared to top layer (p<0.05). 
 
Table 2. Mean (standard deviation) of the Knoop hardness as a function of ceramic 
translucency; shade; thickness; and, depth. 
Deph Thickness Shade Translucency 








A3.5  #$&30.34(1.40) Aa *#$&24.28(1.49) Ba *#$&15.62(1.32) Ca 
A1 *#$&27.40(1.69) Ab *#$&24.52(1.23) Ba *#$&13.14(1.16) Cab 
BL2 *#$&28.12(2.36) Ab *#$&20.44(0.64) Bb  *#$&12.09(0.77) Cb 
 
1,5 
A3.5 *#&25.53(1.13) Aa *#&20.36(1.11) Ba *#&11.31(0.85) Ca 
A1 
*#&23.61(1.45) Ab *#&20.90(0.58) Ba *#&10.97(1.00) Cab 
BL2 *#&23.12(1.33) Ab *#&17.90(0.90) Bb *#&10.39(0.75) Cb 
 
2,0 
A3.5 *#23.85(1.13) Aa *#17.82(0.39) Ba *#9.19(0.77) Ca 
A1 *#20.35(1.37) Ab *#17.30(0.95) Ba *#9.07(1.38) Cab 








A3.5 *$&24.24(1.02) Aa *$&19.57(1.03) Ba *$&10.73(1.45) Ca 
A1 *$&23.14(1.17) Ab *$&19.47(1.23) Ba *$&9.56(0.59) Ca 
BL2 *$&22.59(2.25) Ab *$&15.86(0.92) Bb *$&8.28(1.14) Ca 
 
1,5 
A3.5    *20.72(1.10) Aa *15.98(1.12) Ba *5.60(1.07) Ca 
A1 *&18.71(0.69) Ab *&16.40(0.96) Ba *&6.30(1.45) Ca 
BL2 *&18.69(1.72) Ab *&13.78(0.92) Bb *&5.90(0.82) Ca 
 
2,0 
A3.5 *20.28(0.99) Aa *14.73(0.40) Ba *4.06(0.49) Ca 
A1 *16.75(0.57) Ab *14.16(0.45) Ba *3.73(0.56) Ca 
BL2 *16.11(0.86) Ab *11.77(0.63) Bb *3.37(0.37) Ca 
Control group: mean (standard deviation): Top - 30.42 (0.75) / Base - 28.01 (1.68). Means followed by distinct letters 
(upper-case horizontal and lower-case vertical comparing shade within each thickness and translucency) differ from 
each other (p≤0.05). * It differs from the control group (p≤0.05). # It differs from the base under the same conditions 
of translucency, shade and thickness (p≤0.05) $ Differs from the thickness 1.5 under the same conditions of 
translucency, shade and location (p≤0.05). & Differ from the thickness 2.0 under the same conditions of translucency, 




The first hypothesis, which stated that transmitted irradiance is not different among 
the different shades, translucencies and thicknesses of the ceramic was rejected. The 
26 
 
results showed that the irradiance values (mW/cm2) was affected through different 
ceramic shades, translucencies and thicknesses. The second hypothesis was also 
rejected, Knoop hardness of the resin cement was affected by different ceramic shades, 
translucencies, shades, thicknesses and depth.   
 Analyzing the variation of the transmitted irradiance parameter as a function of 
ceramic shades, translucencies and thicknesses, significant differences were found in 
this study. In general, a suitable light intensity of 400 mW/cm² in a wavelength between 
400 nm to 500 nm (Blue light range) for 40 s is adequate to initiate the activation of 
canforquinone based resin materials.24,25 The Ivocerin used in Variolink Esthetic its photo-
activated in the wavelength between 380 nm to 400 nm (violet – blue range) and little in 
know about the adequate light intensity.16,26 
In the present study, as observed in the data showed in the Table 1, an overview 
of irradiance (mW/cm²) above 400 mW/cm² occurred in most of the groups, except MO 
for 1.5 mm and 2.0 mm thickness (all shades); LT for 2.0 mm (all shades); and, HT for 
2.0 mm in the shade BL2. Generally, lower irradiance values were transmitted through 
lithium disilicate under increased ceramic opacity, thickness and more opaque shade 
(BL2) (Table 1). In addition, the irradiance values for control group (834.228.78 
mW/cm2) was higher than by interposition of ceramic disc, regardless of factors. Previous 
studies showed that these results might be due to absorption, scattering or transmission 
of the light.27,28 Thus, the transmitted irradiance and an adequate polymerization of 
underlying resin cement are fully correlated, since the light attenuation promoted by 
interposition of a ceramic material compromised the resin cement mechanical properties.   
Knoop hardness of resin cement was affected by the translucency of the ceramic 
material. There was an increased in the Knoop hardness with an increased in 
translucency as following the ranking: Medium Opacity < Low Translucency < High 
translucency, regardless of shades, thickness and depth (Table 2). These findings are in 
agreement with previous studies, which also found reduced hardness values when 
ceramic opacity was increased.29-31 This fact is not surprising result since ceramic more 
translucent permits higher light transmission and, consequently, the total energy received 
is greater than for less translucent ceramic, resulting in increased hardness of resin 
cement under a ceramic restoration. However, previous studies showed that the 
translucency of ceramics can be affected by several factors, such as microstructure, 
texture, thickness, illuminant, number firings, shade and luting agent.22,23,32-35  
A strong relationship between translucence and thickness has been reported in 
the literature. Wang et al.32 showed that the translucency of different types of ceramic 
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decreased exponentially as the thickness increased. The highly translucent ceramic 
would be significantly affected by thickness variations; therefore, both factors should be 
combined to achieve the best esthetic outcomes clinically.36  
In relation to the factor thickness, the results of the present study showed that 
Knoop hardness increased as the thickness decreased, and it was also affected by 
depths and shades, regardless of translucence. These results are in according to 
previous studies which showed that when the thickness of the ceramic increases, a 
reduction of the irradiance and total energy was observed.21,37 No statistical difference 
was found between 1.5 mm and 2.0mm for shade A3.5 at the base for all translucencies. 
Probably, this can be explained by the fact that shade A3.5 allowed greater light 
transmission and consequently higher amount of light reaches the luting agent. Other 
study showed that ceramic thickness has more intense effect on the polymerization than 
ceramic shade21 and also the translucence parameters affects more than shade.33 
When the Knoop hardness was analyzed according to ceramic shade, statistically 
significant difference in shades was shown between different translucencies and depth. 
In this study, three ceramics with different shades were selected, ranging from the higher 
opaque (BL2), corresponding to an opaque white bleach shade, to the low opaque, as 
ranked: BL2 > A3.5 > A1. It has been demonstrated that less amount of light reaches the 
resin cement when darker shades (higher chroma) are used, since the dark pigments 
might be able to absorb light and it could negatively influence the polymerization of the 
resin cement under restoration.17,22  
The results of the current study are partially consistent with those reports, since 
the lowest Knoop hardness was found for more opaque shade (BL2) in LT for both top 
and bottom, all thickness and top layer of MO, regardless of thickness. Additionally, no 
difference was found between shade A1 and BL2 for translucence HT and between A3.5 
and A1 for translucence LT. These results further support the fact that no difference in 
Knoop hardness was found among different ceramic shades, which suggests that the 
hardness might be more dependent upon translucency than upon shade.23,38 However, 
an opposite effect was observed in the current study, since shade A3.5, which has higher 
chroma than shade A1, allowed greater light transmission and consequently, higher 
Knoop hardness values for HT translucence. These findings are in agreement with other 
study that observed higher %DC for ceramic shade 0M2 (higher chroma) than for shade 
0M1 (lower chroma) when a transparent resin cement shade was photocured for 40s.22 
Probably our results can be explained due to the specific interaction of factors studied 
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that interfering in the polymerization of underlying resin cement. Thus, the importance of 
varying these factors to achieve the best clinical performance is needed.  
  For the depth factor, significant reduction in the Knoop hardness was observed at 
depth of 700 μm when compared to 100 μm. These findings are in agreement with 
previous studies, which also found higher Knoop hardness values for top 100 µm than 
bottom at 700 µm.12,39-40 Previous studies also showed that the incident light is attenuated 
when the distance is increased in relation to irradiated surface. This fact occurs due to 
absorption and scattered promoted by the fillers and resin components, reducing the 
polymerization effectiveness and Knoop hardness as the depth increases.27,41 Another 
study has shown that only 25% of light that affects the surface of the composite resin is 
observed at 1 mm depth.27 Besides, the interposition of an indirect restorative material 
can also promote similar light attenuation.42 On the other hand, despite the thickness of 
700 μm is not used for luting purposes, the depth of polymerization of resin cements may 
show relative polymerization potential. Clinically, light attenuation induced by indirect 
ceramic restorations could be worsened by low irradiance levels of the light curing 
device.37 
In the present study, control group (without ceramic interposition) demonstrated 
Knoop hardness significantly higher in relation to ceramic groups, except in HT ceramic, 
shade A3.5, thickness 0.5 mm at top of the cement layer.  Thus, the third hypothesis was 
rejected. No difference was found between control group and with interposition of indirect 
material (HT, A3.5, 0.5 mm, top of layer). It may be explained by the fact that these factors 
showed the highest values of Knoop hardness when were evaluated separately as 
following the rank, generally: HT>LT>MO (translucence); 0.5 mm  > 1.5 mm > 2.0 mm 
(thickness); A3.5  A1 > BL2 (shade); and, top>bottom (depth), but when these variables 
were combined, no difference was found between both, which is in agreement with 
previous study.13,20 However, in the most of others groups the Knoop hardness for control 
group was higher than ceramic groups, which is in line with previous study.21,43 
In summary, shades, translucencies, thicknesses and depth of the ceramic IPS 
e.max Press have significant effects on the irradiance through the ceramic and Knoop 
hardness of the resin cement. Incomplete polymerization of the resin cement may 
decrease mechanical properties of the resin cement, and probably increasing the water 
sorption and microleakage. Care should be taken in clinical practice under increased 
ceramic opacity, thickness and more opaque shade because the reduction may 
negatively affect the Knoop hardness of the resin cement.  
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Further studies are need using different LCU device and/or light source intensity, 
exposure times as well as the shade of underlying resin cement, to gain even further 
insights into these clinically important parameters. In addition, actual clinical studies using 





Based on these findings, the following conclusions may be drawn:  
(1) The ceramic material with different shades, translucencies and thicknesses 
showed significant effect on transmitted irradiance.  
(2) The interposition of ceramic and increased thickness reduced significantly Knoop 
hardness of resin cement.  
(3) Resin cement depth significantly reduced the Knoop hardness for all translucency, 
thickness and shade of ceramic.  
(4) The increased ceramic opacity reduced the Knoop hardness values for all 
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3  CONCLUSÃO  
Baseado nos achados deste estudo, as seguintes conclusões podem ser feitas: 
(1)  As diferentes espessuras, cores e translucidez da cerâmica à base de dissilicato 
de lítio tiveram efeito significativo na irradiância. 
(2)  A interposição da cerâmica e o aumento da espessura reduziram 
significativamente a dureza Knoop do cimento resinoso. 
(3)  A dureza do cimento resinoso foi reduzida significativamente com a profundidade 
para todas as espessuras, cores e translucidez da cerâmica. 
(4)  O aumento da opacidade da cerâmica diminuiu os valores de dureza Knoop para 























Anusavice, K.J. Phillips’ science of dental materials. 12th Edition, WB Saunders, 
Philadelphia. 2012. (18): 420-467. 
 
Bagis B, Turgut S. Optical properties of current ceramics systems for laminate veneers. 
J Dent. 2013; 41: 24-30. 
 
Borges GA, Sophr AM, De Goes MF, Sobrinho LC, & Chan DC. Effect of etching and 
airborne particle abrasion on the microstructure of different dental ceramics J Prosthet 
Dent 2003; 89(5): 479-488. 
 
Burtscher DP. CLINICAL CASE: Variolink® Esthetic. Reaserch Dev Ivoclar Vivadent 
Rep. 2016;(22).  
 
Castro HL, Passos SP, Zogheib LV, Bona AD. Effect of cement shade and light-curing 
unit on bond strength of a ceramic cemented to dentin. J Adhes Dent. 2012; 14: 155-60. 
 
Dias MC, Piva E, Moraes RR, Ambrosano GMB, Sinhoreti MAC, Correr-Sobrinho L. 
UV-Vis spectrophotometric analysis and light irradiance through hot-pressed and hot-
pressed-veneered glass ceramics. Braz Dent J. 2008; 19(3): 197-203. 
 
El-Meliegy E and van Noort R. Glasses and Glass Ceramics for Medical Applications. 
Springer. 2003; (2): 19-35. 
 
El-Mowafy OM, Rubo MH & el-Badrawy WA. Hardening of new resin cements cured 
through a ceramic inlay. Oper Dent 1999; 24: 38–44. 
 
Giráldez I, Ceballos L, Garrido MA, Rodríguez J. Early hardness of self-adhesive resin 
cements cured under indirect resin composite restorations. J Esthet Restor Dent. 2011; 
23: 116-25.  
 
_________________________ 
1 De acordo com as normas da UNICAMP/FOP, baseadas na padronização do International Committee of Medical 




Gracis S, Thompson V, Ferencz J, Silva N, Bonfante E. A New Classification System 
for All-Ceramic and Ceramic-like Restorative Materials. Int J Prosthodont. 2016;28(3): 
227–35. 
Höland W, Schweiger M, Frank M, Rheinberger V. A comparison of the microstructure 
and Properties of the IPS Empress 2 and the IPS Empress Glass-Ceramics. J Biomed 
Mater Res. 2000; 53: 297-303. 
 
Hofmann N, Papsthart G, Hugo B, Klaiber B. Comparison of photo-activation versus 
chemical or dual-curing of resin-based luting cements regarding flexural strength, 
modulus and surface hardness. J Oral Rehabil. 2001; 28(11): 1022-8.7 
Inokoshi S, Willems G, Van Meerbeek B, Lambrechts P, Braem M, Vanherle G. Dual-
cure luting composites. Part I: filler particle distribution. J Oral Rehabil. 1993; 20(2): 
133-46. 
Ilie N & Hickel R. Correlation between ceramics translucency and polymerization 
efficiency through ceramics. Dent Mater. 2008;24(7): 908–14. 
Ilie N. Transmitted irradiance through ceramics: effect on the mechanical properties of a 
luting resin cement. Clin Oral Investig. 2017;21(4):1183–90. 
Jeong TS, Kang HS, Kim SK, Kim S, Kim HI, Kwon YH. The effect of resin shades on 
microhardness, polymerization shrinkage, and color change of dental composite resins. 
Dent Mater J. 2009; 28(4): 438–45 
Kilinc E, Antonson SA, Hardigan PC, Kesercioglu A. The effect of ceramic restoration 
shade and thickness on the polymerization of light- and dual-cure resin cements. Oper 
Dent. 2011; 36(6): 661-9. 
Lee IB, An W, Chang J, Um CM. Influence of ceramic thickness and curing mode on the 
polymerization shrinkage kinetics of dual-cured resin cements. Dent Mater. 2008;24(8): 
1141–7.  
 
Lohbauer U, Pelka M, Belli R, Schmitt J, Mocker E, Jandt KD, et al. Degree of 
Conversion of Luting Resins Around Ceramic Inlays in Natural Deep Cavities: A Micro-




McLaren EA, Figueira J. Updating Classifications of Ceramic Dental Materials: A Guide 
to Material Selection. Compend Contin Educ Dent. 2015; 36(6): 400–5.  
 
Musanje L, Darvell BW. Curing-light attenuation in filled-resin restorative materials. 
Dent Mater. 2006; 22: 804–17. 
 
Oréfice RL, Discacciati JAC, Neves AD, Mansur HS, Jansen WC. In situ evaluation of 
the polymerization kinetics and corresponding evolution of the mechanical properties of 
dental composites. Polymer Testing. 2003; 22: 77–81. 
 
Öztürk E, Chiang YC, Cosgun E, Bolay S, Hickel R, Ilie N. Effect of resin shades on 
opacity of ceramic veneers and polymerization efficiency through ceramics. J Dent. 
2013; 41: 8-14. 
 
Passos SP, Kimpara ET, Bottino MA, Rizkalla AS, Santos Jr GC. Effect of ceramic 
thickness and shade on mechanical properties of a resin luting agent. J Prosthodont. 
2014; 23: 462–6.  
Pazin MC, Moraes RR, Gonçalves LS, Borges GA, Sinhoreti MAC, Correr-Sobrinho L. 
Effects of ceramic thickness and curing unit on light transmission through leucite-
reinforced material and polymerization of dual-cured luting agent. J Oral Sci. 2008; 
50(2): 131-6. 
Pegoraro TA, da Silva NRFA, Carvalho RM. Cements for Use in Esthetic Dentistry. 
Dent Clin North Am. 2007;51(2):453–71. 
Peixoto RTRC, Paulinelli VMF, Sander HH, Lanza MD, Cury LA, Poletto, LTA. Light 
transmission through porcelain. Dent Mater. 2007; 23: 1363–8. 
Pieger S, Salman A, Bidra AS. Clinical outcomes of lithium disilicate single crowns and 
partial fixed dental prostheses: A systematic review. J Prosthet Dent [Internet]. 
2014;112(1):22–30. 
Prevedello GC, Vieira M, Furuse AY, Correr GM, Gonzaga CC. Esthetic rehabilitation of 
anterior discolored teeth with lithium disilicate all-ceramic restorations. Gen Dent. 2012 




Price RBT, Labrie D, Rueggeberg FA, Sullivan B, Kostylev I, Fahey J. Correlation 
between the beam profile from a curing light and the microhardness of four resins. Dent 
Mater. 2014; 30(12): 1345–57. 
 
Price RB, Ferracane JL, Shortall AC. Light-Curing Units. J Dent Res [Internet]. 2015; 
94(9) :1179–86 
 
Puppin-Rontani J, Sundfeld D, Costa AR, Correr AB, Puppin-Rontani RM, Borges GA, 
Sinhoreti M, Correr-Sobrinho L. Effect of Hydrofluoric Acid Concentration and Etching 
Time on Bond Strength to Lithium Disilicate Glass Ceramic. Oper Dent. 2017; 42: 606-
615. 
 
Reges RV, Costa AR, Correr AB, Piva E, Puppin-Rontani RM, Sinhoreti MAC, Correr-
Sobrinho L. Effect of light-curing units, post-cured time and shade of resin cement on 
knoop hardness. Braz Dent J. 2009; 20(5): 410-3. 
 
Reges RV, Moraes RR, Correr AB, Sinhoreti MAC, Correr-Sobrinho L, Piva E, Nouer 
PRA. In-depth polymerization of dual-cured resin cement assessed by hardness. J 
Biomater Appl. 2008; 23: 85-96. 
 
Rueggeberg FA, Craig RG. Correlation of parameters used to estimate monomer 
conversion in a light-cured composite. J Dent Res. 1988; 67(6): 932-7. 
Runnacles P, Correr GM, Baratto Filho F, Gonzaga CC, Furuse AY. Degree of 
conversion of a resin cement light-cured through ceramic veneers of different 
thicknesses and types. Braz Dent J. 2014; 25: 38-42. 
 
Santini A, Gallegos IT, Felix CM. Photoinitiators in dentistry: a review. Prim Dent J. 
2013;2(4):30–3. 
 
Sundfeld Neto D, Naves LZ, Costa AR, Correr AB, Consani S, Borges GA, Correr-
Sobrinho L. The Effect of Hydrofluoric Acid Concentration on the Bond Strength and 
Morphology of the Surface and Interface of Glass Ceramics to a Resin Cement. Oper 
Dent. 2015; 40: 470-479. 
40 
 
Sundfeld D, Correr-Sobrinho L, Pini NIP, Costa AR, Sundfeld RH, Pfeifer CS, & Martins 
LRM. Heat treatment-improved bond strength of resin cement to lithium disilicate dental 
glass-ceramic. Cerm. Int. 2016; 42(8): 10071-10078. 
Sundfeld D, Correr-Sobrinho L, Pini NIP, Costa AR, Sundfeld RH, Pfeifer CS, Martins 
LRM. The effect of hydrofluoric acid concentration and heat on the bonding to lithium 
disilicate glass ceramic. Braz Dent J. 2016; 27:727-733. 
Toman M, Toksavul S. Clinical evaluation of 121 lithium disilicate all-ceramic crowns up 
to 9 years. Quintessence Int. 2015;46(3): 189–97 
 
Tango RN, Sinhoreti MAC, Correr AB, Correr-Sobrinho L, Consani RLX. Effect of 
veneering materials and curing methods on resin cement Knoop hardness. Bras Dent J. 
2007; 18(3): 235-9. 
 
Uludag B, Yucedag E, Sahin V. Microleakage of inlay ceramic systems luted with self-

















1- Obtenção dos espécimes em cerâmica  
 
Cilindros em resina acrílica Duralay (Reliance) (12 mm de diâmetro x 6 cm de 
comprimento) foram confeccionados e cortados com um disco diamantado (0.3mm 
Buehler, Lake Bluff, IL, USA) acoplado a uma máquina de precisão IsoMet (Buehler, 
Lake Bluff, IL, USA) em três espessuras diferentes, 0.7, 1.7 e 2.2mm (Figuras 1 e 2). Os 
discos em Duralay foram posicionados em anéis para 200 g de revestimento (Figuras 3 
e 4), e incluído em revestimento aglutinado por fosfato IPS Press Vest Speed (Ivoclar-
Vivadent) nas proporções de 200 g de pó para 32 mL de liquido e 22 mL de água 
destilada conforme especificações do fabricante (Figura 5 e 6). Inicialmente a mistura foi 
espatulada manualmente (Figura 7), sendo em seguida, levada a uma máquina de 
espatulação mecânica à vácuo por 60s (Twister Evolution, Renfert GmbH – Germany) 
(Figura 8). Após, a mistura foi vertida no anel sobre vibração constante (Vibrax, Renfert 
GmbH – Germany) (Figura 9) e deixada em temperatura ambiente por 24 minutos para 
presa completa do revestimento. Após a presa, os blocos de revestimento foram levados 
ao forno aquecido à 850 ºC (Magma, Renfert GmbH – Germany) (Figura 10) para injeção 
da cerâmica (técnica da cera perdida). Os blocos foram posicionados com o orifício 
voltado para baixo para facilitar o escoamento do material (Figura 11). A prensagem das 
pastilhas nas respectivas cores e opacidades (Figura 12) foram realizadas de acordo 
com as especificações do fabricante (Manual e.max Press – Ivoclar-Vivadent) utilizando 
o forno EP5200 (Ivoclar-Vivadent) (Figura 13). Após o esfriamento dos blocos (Figura 
14), o revestimento foi removido através do jateamento com partículas de óxido de 
alumínio 100 µm a 4 bar de pressão (Figura 15). A estrutura em cerâmica (Figura 16) foi 
levada ao ultrassom (Ultrasonic Cleaner 1440 D) para limpeza por 10 minutos (Figura 
17). Os condutos foram cortados com disco diamantado (KG Sorensen, SP, Brasil). Em 
seguida, os discos (Figuras 18, 19 e 20) foram submetidos ao acabamento com pedras 
e borrachas e levados em ultrassom por 10 minutos.  Espessura final (0.5, 1.5 e 2.0 mm) 
foi aferida com paquímetro (Mitutoyo Corporation, Tokyo, Japan) de 0,01 de precisão. 





               
 Figura 1- Disco Resina Acrílica.                                     Figura 2- Conduto de alimentação 
(Sprue). 
            
Figura 3- Dimensões anel de revestimento.              Figura 4- Discos em posição. 
            
Figura 5- Dosagem IPS Press Vest Speed líquido.     Figura 6- IPS Press Vest Speed pó.  
           
Figura 7- Início aglutinação manual.                          Figura 8-  Manipulação à vácuo.  
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Figura 9- Mistura vertida em mesa vibratória.          Figura 10- Forno convencional 850 °C.  
            
Figura 11- Posicionamento dos blocos.               Figura 12- Pastilhas em posição.  
            
Figura 13- Forno EP5200.                                       Figura 14- Bloco após prensagem.  
             
Figura 15- Jateador.                                                 Figura 16- Estrutura cerâmica.  
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Figura 17- Limpeza em Ultrassom.                      Figura 18- Motor protético portátil.  
 
            




2- Aplicação do Glaze 
  
A pasta glaze (Figura 1) foi manipulada sobre placa de vidro (Figura 2) até que 
se obtivesse viscosidade adequada (Figura 3) e com o auxílio de um pincel, uma camada 
uniforme foi aplicada sobre uma das superfícies do disco. Em seguida, o disco foi levado 
ao forno de sinterização (P710 Programat Ivoclar-Vivadent) durante 15 minutos para 
queima da primeira camada do glaze (Figura 4). Após a queima e esfriamento dos 
discos, outra camada de glaze foi aplicada, seguindo os mesmos procedimentos 





            
Figura 1- IPS e.max Ceran Glaze.                         Figura 2- Manipulação pasta Glaze.  
             
Figura 3- Consistência adequada.                          Figura 4- Queima forno de sinterização. 
 
  
Figura 5- Disco cerâmico finalizado.  
 
 
3- Teste da Irradiância Transmitida (mW/cm2) 
A irradiância através do disco de cerâmica foi avaliada usando aparelho LED 
(Valo Cordless, standard mode; Ultradent Inc, South Jordan, UT, USA), o qual foi fixado 
em aparato para que a luz penetrasse perpendicularmente à superfície do material. Em 
seguida, a potência (mW) do aparelho LED Valo foi aferida com potenciômetro (Ophir 
10ª-V2-SH; Ophir Optronics, Har – Hotzvim, Jerusalém, Israel) acoplado ao 
microprocessador (NOVA; Ophir Optronics) (Fuguras 1 e 2), sob condições controladas 
de humidade (50 ± 10%) e temperatura (23 ± 2°C). Uma matriz de teflon preto foi utilizada 
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para limitar a área do sensor do potenciômetro a 12 mm, correspondente ao diâmetro da 
amostra em cerâmica (Figuras 3 e 4). Três leituras foram feitas após 60 segundos para 
cada espécime com a ponta de saída da luz do fotoativador em contato com a superfície 
glazeada do disco de cerâmica (Figura 5). Para o grupo controle, 5 leituras foram 
realizadas sem a interposição da cerâmica, seguindo os mesmos procedimentos 
descritos anteriormente. O cálculo da irradiância (mW/cm2) foi determinado dividindo a 
potência (mW) pela área da ponta ativa do aparelho LED (cm2). 
 
           
Figura 1- Potenciômetro Ophir 10ª -V2-SH        Figura 2- Área do sensor.  
               
Figura 3- Delimitação da área do sensor.             Figura4- Posicionamento do disco.  
 
 
Figura 5- Fotoativação em intimo contato 





4- Teste de Dureza Knoop 
O cimento resinoso Variolink Esthetic LC cor warm (Figura 1) foi dispensado 
diretamente em matriz de polivinilsiloxano (Express putty – 3M ESPE, St. Paul, MN, 
USA) com 5 mm de diâmetro e 1 mm de profundidade (Figuras 2, 3 e 4). Uma tira 
transparente de poliéster foi posicionada sobre a matriz preenchida (Figura 5) e uma 
pressão manual foi exercida por 15 segundos usando uma lâmina de microscópio, para 
que o excesso de cimento fosse escoado e fosse obtido um disco de cimento resinoso 
com as mesmas dimensões da matriz (Figura 6). Após, a lâmina foi removida e sobre a 
tira de poliéster foi posicionado o disco de cerâmica, deixando a superfície glazeada 
voltada para cima (Figura 7). A fotoativação do cimento resinoso foi realizada com o 
aparelho LED (Valo Cordless; Ultradent), com irradiância de 834,22 mW/cm2 por 40 
segundos (Figura 8). A obtenção dos espécimes de cimento resinoso (Figuras 9 e 10) 
foi realizada em sala com controle de temperatura (23 ± 2°C), humidade (50 ± 10%) e 
luminosidade (iluminada por luz vermelha com um filtro para prevenir a sensibilização 
precoce do fotoiniciador). Após a polimerização, os espécimes de cimento resinoso 
foram armazenados em recipiente escuro (para prevenir a passagem de luz) em estufa 
a 37°C por 24 horas (Figura 11).  Cinco amostras de cimento resinoso foram fabricadas 
para cada espessura, cor e translucidez da cerâmica. Para realizar as leituras de dureza 
Knoop, o disco de cimento resinoso foi fixado na posição vertical com cera e resina 
acrílica (Buhler, Lake Bluff, IL, USA) (Figura 12), e polido usando uma série de lixas 
abrasivas de carbeto de silício nas granulações 320, 400, 600 e 1200 (Norton SA, São 
Paulo, SP, Brazil) sobre refrigeração na politriz (APL4; Arotec, Cotia, SP, Brazil) (Figura 
13), a fim de obter superfície plana e polida (Figura 14).  
 
                
Figura 1- Variolink Esthetic LC.                            Figura 2- Matriz de polivilsiloxano.  
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Figura 3- Ponteira dispensadora.                         Figura 4- Preenchimento em excesso.  
           
Figura 5- Tira de poliéster posicionada.              Figura 6- Pressão com microplaca.  
            
Figura 7- Disco posicionado centralmente.         Figura 8- Fotoativação.  
            
Figura 9- Aspecto região topo.                               Figura 10- Aspecto região Base.  
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Figura 11- Armazenamento em estufa.              Figura 12- Fixação em matriz de RAAQ. 
            
Figura 13- Polimento com lixas abrasivas.           Figura 14- Aspecto final para teste.  
 
Inicialmente uma prensa manual foi utilizada para homogeneizar o plano de 
superfície (Figura 1). O ensaio de microdureza Knoop foi realizado usando o aparelho 
Shimadzu HMV-2 (Shimadzu Corp., Tokyo, Japan) (Figura 2), sob carga de 50 gramas 
aplicada por 15 segundos (Figura 3 e 4). Cinco endentações foram realizadas por 
espécime em duas profundidades 100um (topo) e 700um (base).  
 
            
Figura 1- Prensa manual                                        Figura 2- Microdurômetro HMV-2 
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Figura 3- Estabelecimento do foco.                     Figura 4- Endentador.  
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